Abstract. This paper present a new type of electroplating Nickel micromachined probes with out-of-plane predeformation for the next generation integrated circuit (IC) chip testing probe card application. It was fabricated using silicon bulk etching, Ti deposition and Ni electroplating process. We use the residual stress effect of thin films deposition to cause the flexible micromachined probe with a large out-of-plane predeformation and combine postelectroplating technique to further increase beam's thickness and therefore enhance its stiffness. The typical micromachined probe had a thickness 5~10 m, a width of 20 m, and a length of 100 m. The maximum deflection of the fabricated Nickel probe beam was 28 m. This micromachined probe is capable of providing a very larger number of testing probe card, including the array pad format, and this designed also to satisfy the requirements for high frequency, high resolution and low cost wafer-level testing.…
Introduction
The first probe card, called a needle/epoxy ring probe card, was developed in 1969 and the same basic technology is still used today. However, the implementation of high performance probe becomes difficult with the conventional technology, because the number of per die increases and the pitch between pads decreases. In order to achieve those requirements, there have been several attempts to fabricate probe structure with batch silicon microfabrication process, since the dimensions of micromachined structures can easily be smaller than a few hundreds of micrometers. Some groups have so far developed MEMS type probe cards with various structures [1] [2] [3] [4] [5] [6] [7] . However, those probes have several limitations: low contact force, short overdrive, complex process steps, and poor reliability. In other words, the critical problem of the micromachined probe cards is that each probe can not endures or produces the force required to break oxide on metal surface.
Although the membrane probe card has some advantages compared to the traditional probe card with needle/epoxy ring, it also has limitation. The first disadvantage is that the flexibility and elongated characteristics of the membrane are not fully suitable. Secondly, as a result of the first disadvantage, all the probe points on the membrane probe card cannot contact the chip simultaneously with a single applied force. Finally, because the membrane probe card cannot scrub the aluminum or gold electrodes pads of IC chip, the contact resistance is higher than of the traditional probe card [8, 9] .
In order to improve the above bottlenecks existing for getting better die test results, this paper proposed the design and fabrication of electroplating Nickel micromachined probe with out-of-plane predeformation using bulk micromachining and electroplating techniques to solve the limitation of a MEMS probe card which needs of fine pitch, long overdrive, great spring properties, and high contact stiffness. Thus, the primary goals of this study lies in the weakness that improves the generally micromachined probe, including how raise the probe rigid with transform, increase the tiny machine structure credibility, and through related analysis and experiment, design the micromachined probe array of the different specification, make it be applicable to the system test of different standard.
Design and Fabrication
The primary goals of the MEMS type probes are fine pitch, low contact resistivity, high elastic spring constant and reliability [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Fig. 1 illustrates the schematic view of the proposed an array of micromachined probes, con of a silicon substrate, Nickel probe beams, and I/O pads for the electrical connection. The probe with an initial bending deformation can be achieved by the internal stress effect of using Ti deposited on a suspended SiO 2 beam. And then, the Nickel can be electroplated on the curved probe to enhance the beam's stiffness. On the design of the Nickel probe with out-of-plane predeformation can provide enough vertical displacement and highly stiffness to compensate the probe-pad distance deviation and break native oxide on metal surface, respectively. The fabrication processes of the micromachined probe are described in Fig. 2 . The bulk micromachining process starts with a 4-inch <100> silicon wafer with a thickness of 525 m (Fig. 2a) . First, the (100) single crystal Si substrate was placed in the furnace to grow a 1 µm thick thermal oxide layer at 1050 for 150 minutes (Fig. 2b) . Then, the oxide layer was patterned by photolithography and then etched by BOE solution (Fig. 2c) . After that, the exposed regions of silicon were wet etched by KOH solution (25%) at 80 for 1 hour to suspend the micromachined probe (Fig. 2d) . Then a 0.2 m-thick Ti metal was deposited by evaporation as adhesive layer and seed layer because it can support a large residual tensile stress to bend the probe deform (Fig. 2e) . Finally, according to the properties of Nickel electroplating baths, as list in Table 1 , a low residual stress Nickel was electroplated on the probe, and to increase this micromachined probe stiffness (Fig. 2f) . To obtain the single layer of Nickel film, both Ti and SiO 2 layers were then etched by HF (Fig. 2g) . Figure 3 shows the fabricated SiO 2 mecromachined probes and with Ti deposition on it, respectively. The micromachined probe had a width of 20 m, and a length of 100 m. An optical interferometer has been used to measure the surface profile of the fabricated microhmachined beam. Comparing Fig 3(a) and 3(b) , it demonstrated the out-of-plane deflection of micromachined probe is remarkably an increase for the probe with Ti deposition. The maximum deflection of the curved probe beam in Fig 3(a) and 3(b) was around 1.4 m and 28 m, respectively. An important factor is the residual stresses resulting from the Ti film deposition. These stresses arise from differences in the thermal coefficient of expansion between the SiO 2 and silicon substrate in high-temperature depositions, thermal gradients formed in the depositing film, and/or stresses dominated due to the deposition of the Ti film. In many cases the stress level will change with film thickness. Especially, PVD Ti film has a tensile residual stress. However, the total stress that appears at the interface from residual film stress will depend on the film thickness and the film material. Figures 4 and 5 shown the results of the electroplating Nickel deposition before and after the probe suspended, respectively. As shown in Fig. 4(a) , even with the probe of 2 µm thickness and the length of 150 µm, the measured out-of-plane deformation by optical interferometer along probe length is uniform so that the residual stress effect can be neglected. On the other hand, Fig. 5 shown the deflection profile of the Ni probe with a thickness 5 µm (Fig. 5a ) is similar to that of the Ni probe with a thickness 10 µm (Fig. 5b) . Consequently, the proposed probe had high suspension from the bottom planar surface and can be designed simultaneously with a high elastic spring constant. By fig. 5 , the probe array can be designed for general testing on generic designs since each cantilever probe with difference deflection is fabricated using a batch process, Thus, the micromachined probe array can be used for testing pads with varying height; this expands the test applications of the probe card. In addition, the variation of the probe length and the out-of-plane bending deformation at probe tip for a sequence of three processes (Fig. 3d, 3e and 3g) was shown in Fig. 7 . It is clear that using the process reports here can fabricate a micromachined probe with the characteristics of both lower residual stress and large out-of-plane predeformation. In conclusion, we can use the residual stress effect of thin films deposition to cause the flexible micromachined probe with a large out-of-plane predeformation and combine post-electroplating technique to further enhance its stiffness. This technique has the potential for achieving high production yield with fine pitch, low cost, high pin counts, high touchdown and area array testing.
I/O pads

Results and Discussion
On the other hand, from the experimental data shown in Fig. 6 based on the proposed design, a curve fitting equation was determined. By the equation, the maximum out-of-plane deformation can be predicted for the beam with varying equivalent length. So a deflection of 50 m for the requirements of probing process could be achieved with a beam length of around 180 m. Fig. 6 The variations of the deformation amplitude of three type micromachined probes with the beam length.
Conclusions
We have developed a MEMS micromachined probe with out-of-plane predeformation for IC testing in ultra-small pad chips. It was fabricated using bulk micromachining, film deposition, and an electroplating process. This probe unit has a simple and robust structure. The probe had an initial curved structure that was fixed at the base and free at the tip. The basic probe contacts were elastic springs providing the benefits of a controlled force during compression. The characteristics of probe units were satisfied with current conventional type probe unit specifications. We expect that this fabrication process may also be applied to a fine pitch, high-density multi-array probe card.
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